In this study, İstanbul-Tuzla Region atmosphere is selected as the working area because of this region contains shipyards and shipyard-related side product industries. To examine the PAHs as atmospheric inputs, 46 ambient air samples were collected in Tuzla region of Istanbul, Turkey at 2010. The sample collection was carried out as monthly. Additionally, the volume of the air was drawn and meteorological data recorded. The PAH concentrations were classified as hot and cold season samples. Due to the particle-bond character of PAHs and condensation in cold, the high concentrations were encountered in winter months. Monthly average total PAH concentrations fluctuated between 7.4 ng m-3 (in March)-0.05 ng m-3 (in August). The concentrations of total PAHs in cold season were almost hundred times higher than those in hot season. The fossil fuel (gasoline and diesel fuel) combustion was found to be the main source of PAHs.
Introduction
Air pollution has emerged as a major health, environmental, economic and social problem all over the world (Aslan and Akyürek, 2018) . During the past few decades, the atmosphere has been subjected to a large amount of contaminants via anthropogenic pollutants produced by both stationary (power plants, industrial and residential heating) and diffuse sources (road traffic) (Azimi et al. 2005) . PAHs are toxic and carcinogenic and also mutagenic compounds that mainly result from the pyrolysis processes especially during the incomplete combustion of fossil fuels and biomass via the industrial processes, exhaust gases of the motor vessels and residential heating (Mastral and Callen 2000; Esen et al. 2008; Liu W. X. et al. 2009; Sisovic et al. 2008; Burak, et al., 2009 ). For environmental protection 16 PAH compounds are defined as priority pollutants by US EPA (EPA, 2003) . The names of the PAHs examined in this study are acenaphthene (Acp), acenaphtylene (AcPy), anthracene (Ant), benzo(a)anthracene (BaA), benzo(a)pyrene (BaP), benzo(b)flouranthene (BbFL), benzo(e)pyrene (BeP), benzo(k)flouranthene (BkFL), crysene (CHR), cyclopenta(cd)pyrene (CPcdP), flouranthene (FL), flourene (Flu), naphthalene (Nap), phenanthrene (PA), pyrene (Pyr).
PAHs are assumed to be Persistent Organic Pollutants -POPs (Bull, K. 2003 , Liu Y. et al., 2006 . PAHs have two or more benzonoid groups and no other elements except carbon and hydrogen (Henner et al. 1997) . By the help of some chemical reactions such as sulfonation, nitration and photoaxidation they transform to more toxic compounds. When PAHs are released from the source they can be associated with particles by nucleation and condensation, forming particulate matter (PM) (Chester 1990) . Two or three benzene rings existed in the vapor phase, while PAHs with more than five rings were observed primarily in the in the particulate form (Sisovic et al. 2008) . DOI: 10.30897/ijegeo. In this study, for the first time particularly for this region, firstly it is aimed to determine the seasonal change in PAHs concentrations and secondly to find their sources and anthropogenic contributions. These results are a basic source for future studies and the study will be unique and a useful model for other industrial areas to determine pollution in a large range entirely on account of having examined organic pollutants.
Materials And Methods

Sampling procedure
The sampling site is a residential area located in Turkey/İstanbul, TUDEV-Piri Reis University Campus (400 49' 05 66''N and 290 20'54 00''E) at an altitude of 22 m. The sampling point is 0.81 km away from the Marmara Sea. A High Volume Air Sampler (HVAS) was fixed at the top of the University Building roof to carry out the aerosols sampling by using Whatman filter papers (glass fiber) having a pore size of 0.1 µm were dried for 48 hours in a desiccator and weighed before and after the sampling. Then the filter papers were divided into two parts; each of the halves were wrapped in aluminum foil separately for PAHs analyses.
The sample collection was carried out at 2010. Five samples were taken for February, March, April, May, June, July, August, September and October. Only one sample was obtained for December. The volume of the air was drawn and meteorological data recorded.
Chemical analysis Extraction
Halves of the filter papers were cut into small pieces and then were extracted ultrasonically approximately for half an hour with 50 ml of hexane-dichloromethane (1:1, v/v) mixture for the analyses of the PAHs that become bonded with particles. Then the filtrates were evaporated (Sarrazine et al. 2007) . Clean-up After holding the florisil at 1300C in 14 hours, it was deactivated with 3% of distilled water. The clean-up glass chromatographic column was prepared by using glass wool at the tip, and then the florisil was packed as an adsorbent and finally topped with anhydrous sodium sulfate. Conditioning carried out with 5 ml hexane and 1 ml sample of PAH extract was passed through the column. Then PAHs eluted with 5 ml of hexzane:DCM (1:1, v/v) mixture. The eluate diluted to Gas Chromatography-Mass Spectrophotometer (GC-MS) to analysis (EPA 3620B).
In this study, except one of the PAH compound (IND) from sixteen PAH compounds, the other fifteen PAH compounds were analyzed. Recoveries of surrogate standards were 93-100 % for PAHs analyses in this study (Table 1) .
Results And Discussions
PAH levels in aerosols
The total PAH concentrations as the summation of 15 PAHs outstanding from the list of US-EPA are shown in Figure 2 . It is seen that the concentration levels are high in cold months and were lower at hot months.
The similar results are consistent many other researches (Wai Fon et al. 2007; Esen et al. 2008; Sisovic et al. 2008; Sharma et al. 2007 ). For this reason Table 2 and 3 data are grouped in order to determine the hot and cold season's monthly average concentrations of PAHs and their minimum and maximum levels in aerosol. While the hot season average PAHs concentration is 0.54 ng m-3, the cold season average PAH concentration is 4.38 ng m-3. The highest individual PAH concentration was measured for pyrene at March as 6.73 ng m-3. BaP was found in high concentration only one time at February as 4.48 ng m-3. The BeP was found in high concentrations all over the year with the highest value of 4.32 ng m-3. The higher concentrations in cold season depend on to use of fossil fuel combustion for residential heating (Esen et al. 2008; Alp and Hanedar 2007; Sharma et al. 2007; Sisovic et al. 2008) . (Table 4 ). In general, the lower molecular PAHs (two or three rings) appeared to be associated with the vapor phase, and high molecular weight PAHs (five or six rings) were primary attached with the particulate phase (Lui G et al. 2010) . For heavy PAHs, owing to the low volatility and close association with particles, once deposited from air, they may be expected to cycle in the soil-watersediment system, rather than "hoping" upward to a higher altitude under normal ambient temperatures (Liu X., et al. 2005) . (2008) were found 2.648 ng m-3 in a traffic congested area. In the second one, Chantara and Sangchan (2009) were found 0.99±0.31 ng m-3 in a suburban area, 0.92±0.46 ng m-3 in a community area, 1.70±0.55 ng m-3 and 1.64±0,41 as ng m-3 in two traffic congested area. The genotoxic risk levels were high at the industrialized urban localities, when the pollution level of traffic emissions and emissions from industry and household heating were high (Skarek et al. 2007 ). Table 7 is prepared to observe the effect of meteorological conditions on PAHs concentrations in the ambient air of the region during the sampling periods. As it was mentioned in many studies that the main source of the PAHs in the atmosphere was the emissions of fossil fuel combustions for heating purposes and increase in traffic volume in winter (Liu X. et al. 2005; Liu G. et al. 2010; Liu Y. et al. 2006 . Bin Liu L. et al. 2007 , Dallarosa et al. 2005 . But also the meteorological conditions cause to hold the produced PAHs in the region. Emissions from fossil fuel combustion cannot be easily dispersed depending on the high humidity and low temperature values (Sharma et al. 2007 ).
Relationship between PAH concentrations and meteorological conditions
The good correlations had been found between meteorological parameters such as temperature, wind speed and direction with PAHs concentrations (Wai Fon et al. 2007; Panther, Hooper and Tapper 1999) . In this study, the poor correlation was seen between temperature and total PAHs concentrations as r= + 0.60 (Fig. 4) . The weak correlation (r= + 0.27) was seen between humidity and total PAH concentrations (Fig. 5) . But the naphthalene as the smallest member of PAHs was found as four times in high concentrations (Fig. 3) even if it must be found in gaseous state in the atmosphere. The rainy weather or high relative humidity during or before sampling period caused to be found Nap in condensed phase as liquid form bounding particle in the region aerosol (Table 6 ). In February Sample No:3 also the dust concentration was in between 0.25-0.50 mg m-3. The elevated dust concentration causes to increase the adsorption of naphthalene on particulate matter. A combination of particulate scavenging and cold condensation were proposed as a major mechanism for the compositional fractionation of PAHs along the altitudinal profile (Liu X. et al. 2005) . Table 6 . Relation between meteorological parameters with Nap concentration BeP being the first, BbFL and BkFL are the PAHs mostly encountered in elevated concentrations in hot season and especially in cold season (Table 2 and 3) . Bi, et al. (2003) pointed out that the two and threering PAHs generally had a greater vapor phase component, while the higher molecular weight exhibited greater association with the particulate phase. Anthracene concentrations could not be detected in hot season; it was also measured only four times (Sample No: February 5, March 2, April 3 and 5) in cold season (Table 3 ). As seen from Table 7 , the sampling day was rainy and there was a high relative humidity during sampling or the previous period. Two similar situations were observed that Ant concentration was higher in wet deposition rather than dry deposition (Pekey et al. 2007; Gaga and Tuncel 2003) .
Even if the use of natural gas for heating purposes in the region, the concentration of CHR was found to be at a high level twice; during September and December relating to the use of coal (Esen et al. 2008) . Also, higher CHR concentrations were proposed relative to lower atmospheric temperature during winter season (Pekey et al. 2007; ).
PAH ratios for source identification
In many studies molecular ratios are used to determine the source of the aerosol PAHs (Wai Fon et al. 2007; Bourotte et al. 2005; Khalli et al. 1995 Li and Kamens 1993 ). Wai Fon et al. (2007 used BaA/CHR, BeP/BaP, Pyr/BaP and CHR/BeP ratios to detect the molecular diagnosis of aerosol PAHs, and obtained the results as 0.51, 0.80, 1.00 and 1.95 respectively and determined the PAHs emission sources derived from gasoline. The same ratios were used in this study as hot and cold seasons (Table 8) . In hot season, Pyr/BaP and especially BeP/BaP ratios are excessively high values since the concentrations of BaP levels are so low and BeP levels are relatively high (Table 2 ). The high concentrations of BeP also cause to move down the CHR/BeP ratio. The source profiles of vehicle exhausts are heavily influenced by many factors, such as fuel quality and engine power status (Shen et al. 2010) . It is clearly seen that in the cold season the ratio of BeP/BaP point outs diesel emissions with the value of 2.20. The BaA/CHR ratio takes place in the gasoline range with the value of 0.45. It can be concluded that the PAHs in the region atmosphere is dominated by traffic emissions. These results also support the idea of condensation of emissions of PAHs at cold weather (Sharma et al. 2006 ). Thailand. Chiang Mai Chantara and Sangchan (2009) When the annual mean of total PAHs concentration of the study that is 2.37 ng m-3 is compared with other studies, it is seen that there is a remarkable similarity with some suburban areas based on the results. (Wai Fon et al. 2007; Chantara and Sangchan 2009) . The other studies have higher total PAH concentrations, since they were realized in crowded urban areas or congested traffic (Table 9) .
Conclusions
The annual mean concentration was measured as 2.37 ng m-3 and ranged between 0.05 ng m-3 and 7.4 ng m-3. Higher concentrations of PAHs were seen in cold season. Exceptionally, naphthalene was observed in high concentrations both in hot and cold seasons. Due to the precipitation, high relative humidity and high dust concentration, naphthalene was hold in condensed phase in liquid form whereas it should be in gaseous phase normally. The higher measurements were seen in BeP concentrations in hot and cold seasons. BeP, BbF, BkF, CPcdP, Pyr and Nap were the PAHs that frequently observed in high concentrations. The good correlations occurred between 4 and 5 rings compounds. The TEFs found in recommended limit for hot and cold season as 0.04 ng m-3 and 0.49 ng m-3 respectively. Molecular ratios dedicate that diesel emissions and gasoline from the vehicular emissions are the main pollutant source to İstanbul-Tuzla atmosphere.
